Thermodynamic and mass balance studies of Pb(II) and Cu(II) biosorption from aqueous solution using chicken feathers (CF) were carried out. Thermodynamic parameters such as standard free energy (ΔG Olawale et al.; AJACR, 1(3): 1-9, 2018; Article no.AJACR.41663 2 higher than those released at 100 mg/l. Finally, FTIR analysis confirmed the presence of carboxyl, hydroxyl, amino and sulphur containing functional groups on CF, with no substantial variation in the spectra obtained before and after adsorption indicating a possible re use of CF.
), enthalpy (ΔH 0 ) and entropy (ΔS 0 ) changes were calculated from the data obtained to predict the nature of adsorption by chicken feathers (CF). From the results, entropy changes were positive indicating an increase in disorderliness in the adsorption of Pb(II) and Cu(II) onto the chicken feathers (CF). The negative values of Gibbs free energy and positive values of enthalpy indicated that the adsorption process by CF was spontaneous and endothermic. Data obtained also showed that the percentage Cu(II) and Pb(II) released by CF after digestion at 25 mg/l were Original Research Article
INTRODUCTION
One of the major challenges facing developing countries is how to manage large amount of waste generated through different human activities. More critical is indiscriminate disposal of wastes into the environment. Water bodies serve as end points of these wastes. This often makes the aquatic resources almost useless for both primary and/or secondary use [1] . Industrial effluent contamination of the aquatic system is now a big challenge in these countries. Some of these contaminated water bodies like inland water bodies and estuaries are the primary source of domestic water in developing countries [2] .
In living organisms, some heavy metals are essential at low concentrations while at high concentrations, they cause severe toxic effects [3] . It is a problem because many industries do not properly treat their effluents with high metal content before disposal which can have long term effects [4] . Lead is one of the most toxic metals apart from mercury and cadmium. They have been known to cause Wilsons disease, hepatic cirrhosis, brain damage, demyelization and renal diseases. Conventional technologies for the removal of metal ions from industrial effluents are less efficient, very costly and generate toxic sludge [5] . Among these processes include chemical precipitation, membrane filtration, ion exchange, reverse osmosis and coagulation. Due to the presence of surface functional groups such as acetamide, alcoholic, carbonyl, phenolic, amide, amine, and sulfhydryl groups, adsorption technique using keratin biomaterials and other low-cost sorbents became popular [5] . In addition adsorption has gained a lot of credibility currently because of its eco-friendly nature, excellent performance and cost-effectiveness [6] .
Growing interest in finding new materials for heavy metals removal has led many researchers to investigate many other adsorbent of natural origin like fern [7] , mud [8] , keratin, chitosan, modified wool, sawdust, nutshells, rice hulls and sugar cane bagasse, and so on [9] [10] [11] [12] [13] [14] [15] [16] . Most of these materials are generally effective for the adsorption of Cu(II) and Pb(II). Specifically, chicken feathers are among natural adsorbents with high potential for water treatment. Chicken feathers make up 4 -6% of the weight of mature chickens and as a result, large quantities are produced as waste from poultry farms [17] . As reported by numerous authors, application of chicken feather for domestic and industrial wastewater treatment is economical due to its high tensile strength, insolubility, stability over wide pH range and structural toughness [18] . Chicken feathers as adsorbents have achieved satisfactory results for the removal of some organic toxic compounds, heavy metals and colourants [18] [19] [20] [21] [22] [23] .
Given the above characteristics of chicken feathers, it becomes imperative to study its adsorption capacity, thermodynamic parameters and mass balance studies for the adsorption of Pb(II) and Cu(II) onto chicken feathers.
MATERIALS AND METHODS
All the reagents used in this work were of analytical grade. 1000 mg/l of stock solutions of Pb(II) and Cu(II) were prepared by dissolving 1.5986 g and 3.8022 g of Pb(NO 3 ) 2 and Cu(NO 3 ) 2 .3H 2 O respectively in distilled water and made up to 1 L mark in a volumetric flask, which were later diluted to the required concentration for each experiment. 0.1 mol/dm 3 sodium hydroxide and 0.1 mol/dm 3 nitric acid were alternately used for the pH adjustment of the solution prior to commencing the biosorption experiments.
Chicken feathers (CF) were collected from slaughter points in Gwagwalada area council of the FCT and were washed several times with distilled water and then left to dry at room temperature. The feathers were cut into smaller sizes. The small sized feathers were used in the biosorption experiments.
Physico-chemical Characterization of Chicken Feather
The feathers were characterized by carrying out the following physico-chemical analyses: bulk density, moisture content, loss on ignition and pH using standard procedures:
Determination of moisture content
This was achieved by weighing 5 g of CF into a pre-washed empty crucible. The crucible and its content were heated in an oven at a constant temperature of 105°C. After 4 hours, it was removed and quickly transferred into a desiccator. The sample was reweighed and the initial steps repeated until a constant weight was obtained [18] . The moisture content was calculated as,
W 1 = Weight of empty crucible W 2 = Weight of crucible with sample before heating W 3 = Weight of crucible with sample after heating
Determination of loss on ignition
This was carried out using 10 g of CF. The CF was ashed in a furnace at a constant temperature of 600°C. After 2 hours of ashing, it was removed and transferred into a desiccator. The residue left behind was weighed and LOI calculated.
W − W W − W 100
W 1 = Weight of empty crucible W 2 = Weight of crucible with sample before ashing W 3 = Weight of crucible with sample after ashing
Determination of pH
1 g of CF was boiled in 100 cm 3 of distilled water for 5 minutes. The resulting mixture was allowed to cool and diluted to 200 cm 3 using distilled water. The pH of the solution was determined using a pH meter.
Determination of bulk density
This was determined using the Archimedes's principle. A cylinder was weighed before filling with CF. The cylinder was then packed with CF, leveled and weighed. The weight of CF used was obtained by subtracting the weight of empty cylinder from the weight of packed cylinder and bulk density was calculated using 
FTIR Analysis
Spectra were recorded within the range of 4000 -400 cm -1 with 45 scans and with a resolution of 4 cm -1 using Shimadzu FTIR-8400S.
Biosorption Thermodynamics
Thermodynamics studies were conducted at pH of 4.0 in single metal of Cu(II) and Pb(II) aqueous solution varying the aqueous solution temperature between 10 to 70°C with 0.05 g of CF of about 1 mm size in 50 cm 3 aqueous solution and agitated at a speed of 250 rpm on a magnetic stirrer for 3 hours. The resulting mixture was filtered after agitation and the filtrate analyzed for metal concentration using AAS. The data was fitted into the van't Hoff"s thermodynamic equation.
The metal uptake (Q, in mg/g) and the percentage biosorption (%) were calculated using the equations:
Mass Balance Studies
Mass balance studies were carried out in other to provide evidence that the reduction of metal ions during the adsorption processes were as a result of metal uptake onto CF (adsorption). Mass balance was calculated based on difference in concentration method. To obtain the mass balance values, metal biosorption experiments were carried out at two different concentrations of 25 mg/l and 100 mg/l. This was followed by acid digestion of metal loaded CF with aqua regia. To determine the amount of metal in metal loaded CF, 20 cm 3 of aqua regia was used to digest it and metal content determined by AAS.
RESULTS AND DISCUSSION
The results for physico-chemical analysis of CF is given in Table 1 below. 0.037 FTIR analysis was carried out to identify the functional groups which could be responsible for biosorption. FTIR spectra were recorded using Shimadzu FTIR-8400S.
The FTIR spectra of CF before and after metal adsorption are shown in Figs. 1 and 2 . The approximate assignments and wavenumbers of the vibrational modes for both spectra are listed in Table 2 . The spectra obtained for the virgin and metal loaded CF were very similar, indicating that the main functional groups on the biosorbents did not change significantly during the biosorption process which can be an indication of the possible reuse of CF. However, the spectrum obtained for metal-loaded CF shows some differences from that of the virgin one. The slight differences found around 1400, 3300, 1535, 930 and around 1078 cm -1 before and after the metal uptake was probably due to the presence of the metal ions on the biosorbent surfaces. ) associated with the uptake process using the equations below:
From the above equations, the van't Hoff equation can be obtained.
= −
K c = equilibrium constant (ratio of the equilibrium concentration of the metal ion on the adsorbent to the equilibrium concentration of the metal ions in solution). R = universal gas constant (J/kmol) T = absolute temperature (K).
From the plot of LnK c against 1/T, values for entropy change and enthalpy change can be calculated in J/mol. All thermodynamic parameters are summarized in Table 3 .
From Table 3 , all the adsorption cases involve negative (ΔG o ) values, indicating that the adsorption of Cu(II) and Pb(II) onto CF favours the products i.e adsorption. The degree of spontaneity is seen to increase with increasing temperature and decrease with concentration indicating that the spontaneous nature of metal uptake had direct relation to temperature and inverse relation with concentration.
It has been reported that ΔGº values between -20 KJ/mol to -40 KJ/mol indicates electrostatic interaction that exist between metal ion and sorption sites (physiosorption), while ΔG o above -40 KJ/mol is consistent with charge sharing/transfer from the sorbent surface to the metal which create a coordinate bond (chemisorption) [25] . ΔG o values obtained were all between -20 KJ/mol and -40 KJ/mol implying that physical adsorption was the major mechanism in the adsorption process [26] . Initial solution concentration is seen to affect the enthalpy change of the uptake of Cu(II) and Pb(II) onto CF. This dependence of enthalpy change on initial concentration is because K c used in the determination of thermodynamic parameters also depend on concentration.
Positive values of enthalpy change calculated from the plot of K c against 1/T indicated that the uptake processes are endothermic i.e the existence of a strong interaction between sorbents and metal ions. For metal ions to travel through solution and reach the adsorption sites, it is required for them to be stripped out of their hydration shell and energy is required for this process [27] . [28] . This occurs because of redistribution of energy between metals and the adsorbents. Before metal uptake, the metal ions close to the boundary layer of the adsorbent could be more ordered than in subsequent adsorbed state and the proportion of free metal ions to those interacting with the adsorbent will be higher than in the adsorbed state [27] .
Mass Balance Studies
Mass balance studies were carried out to confirm that the reduction of Pb(II) and Cu(II) ions during adsorption was as a result of metal uptake and not through other means like precipitation. Mass balance values were obtained base on difference between the metal adsorbed and metal released after acid digestion. The result in Table 4 shows the values obtained for metal adsorbed and released after acid digestion at initial solution concentrations of 25 mg/l and 100 mg/l. From the table, it is obvious that the percentage metal released by CF after acid digestion at 25 mg/l tend to be higher than those released at a higher concentration of 100 mg/l for both metals. Akhtar et al. [29] provided a reason for this difference. The reason being that at higher concentrations, removal of metal is not solely due to biosorption but also due to metal precipitation, though this fact may not be entirely real. Moreover the metals that precipitate out are washed away along with unsorbed metal ions while washing the sorbent [30] . From Table 4 , it is obvious that uptake was solely due to biosorption process.
CONCLUSION
The results of this study revealed that CF could be used for Pb(II) and Cu(II) removal from aqueous solution. The mass balance studies revealed that the percentages of metal released at low initial metal concentration were higher than those released at higher concentration.
Also, FTIR analysis confirmed the presence of carboxyl, hydroxyl, amino and sulphur-containing functional groups in chicken feather (CF). Finally there were no substantial variations in the chicken feather (CF) spectra before and after biosorption as confirmed by FTIR spectroscopy which can be an indication of the possible reuse of CF.
